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NUMBER OF CLAIMS: 28 

AB The present invention provides a recombinant human 

alpha -Liduronidase and biologically active fragments and muteins thereof 
with a purity greater than 99%. The present invention further 
provides large-scale methods to produce and purify commercial 
grade recombinant human alpha -L-iduronidase 
enzyme thereof. 
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FIG. 1 represents the nucleotide and deduced amino acid sequences of cDNA 
encoding alpha -L-iduronidase (SEQ ID Nos : 1 and 2) . Nucleotides 1 
through 6200 are provided. Amino acids are provided starting with the first 
methionine in the open reading frame. 

FIG. 2 represents the results from an SDS-PAGE run of eluate obtained according 
to the procedure set forth in Example 1. Lane 1 is blank. Lane 2 contained high 
molecular weight standards. Lane 3 is a blank. Lane 4 contained bovine serum 
albumin in a concentration of 50 mu g. Lanes 5 through 10 represent eluate 
containing recombinantly produced human alphaL-iduronidase 

in amounts of 1 mu g, 2 mu g, 5 mu g, 5 mu g, 5 mu g and 5 mu g, respectively. 
FIG. 3 reveals the urinary GAG levels in 16 MPS I patients in relation to 
normal excretion values. There is a wide range of urine GAG values in untreated 
MPS I patients. A greater than 50% reduction in excretion of undegraded GAGs 
following therapy with recombinant alpha -L-iduronidase is a 
valid means to measure an individual's response to therapy. 
FIG. 4 demonstrates leukocyte iduronidase activity before and after 
enzyme therapy in MPS I patients. 

FIG. 5 demonstrates the buccal iduronidase activity before and after 
enzyme therapy. 

FIG. 6 demonstrates in three patients that a substantial shrinkage of liver and 
spleen together with significant clinical improvement in joint and soft tissue 
storage was associated with a greater than 65% reduction in undegraded GAG 
after only 8 weeks of treatment with recombinant enzyme. 

FIG. 7 demonstrates that there is substantial normalization of livers (FIG. 7A) 
and spleens (FIG. 7B) in patients treated with recombinant enzyme 
after only 12 weeks of therapy. 

FIG. 8 demonstrates a precipitous drop in urinary GAG excretion over 22 weeks 

of therapy with recombinant enzyme in 6 patients. 

AB The present invention provides a recombinant alpha 

-Liduronidase and biologically active fragments and mutants thereof, 
methods to produce and purify this enzyme as well as methods to 
treat certain genetic disorders including- alpha -Liduronidase deficiency 
and mucopolysaccharidosis I (MPS 1) . 



NUMBER OF CLAIMS: 
GRAPHICS INFORMATION: 



NOTE: 



Subject to any Disclaimer, the term of this patent is 
extended or adjusted under 35 USC 154(b) by 326 days. 
This Patent is subject to a Terminal Disclaimer. 
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NUMBER OF CLAIMS: 142 17 Figure(s). 

DESCRIPTION OF FIGURES: 
FIG. 1A is a schematic of a hybrid Ad -AAV vector containing the chicken 
beta -act in (CB) promoter driving the hGAA cDNA. The hybrid vector, 
AdAAVCBGAApA , was constructed by bacterial recombination. The packaging size 
for the AAV vector sequence is 4.4 kb. 

FIG. IB is an autoradiograph depicting Southern blot analysis of DNase 
I -resistant hybrid Ad -AAV vector particles (Ad-AAV hybrid) , the plasmid 
containing the AAV vector sequences prior to bacterial recombination to produce 
Ad particles (pShuttle-AAV) , and the AAV vector plasmid (pAAVCBGAApA) . DNA was 
analyzed with Ahdl and BssHII to determine that the AAV TR sequences were 
present (not deleted during recombination) . Ahdl cuts once in each terminal 
repeat and BssHII cuts twice in each terminal repeat, and each restriction 
digest gives unique fragments that were present in the recombinant 
Ad-AAV DNA. 

FIG. 1C is a photograph of a cesium chloride gradient of hybrid Ad-AAV vector 
particles. Two viral bands were present, which eqilibrated at positions below a 
layer of protein at the top of the gradient. 

FIG. ID is an autoradiograph depicting Southern blot analysis of the two viral 
bands in FIG. 1C. Vector DNA was treated with DNase I and extracted prior to 
restriction enzyme analyis and Southern blotting. Each sample was 10 mu 1. 
Lanes (11) -(16) contain linearized Ad5- containing plasmid representing the 
indicated number of double- stranded (ds) Ad particles. Therefore, the vector 
stock purified from the lower band contained 3.1x1011 DNase 



I-resistant Ad -AAV vector particles per ml (lanes 6-9) . 

FIG. IE is a schematic of a hybrid Ad -AAV vector packaging method for AAV 
vector purification. 293 cells were transfected with split AAV helper 
plasmids and transduced with a hybrid AdAAV vector containing the AAV vector 
sequences. No contaminating modified Ad vector is replicated by 293 cells 
(Amalfitano et al. (1998) J. Virol. 72:926-933). The AAV vector was 
***purif ied*** by heparin-agarose column method (Zolotukhin et al . (1999) 
Gene Ther. 6:973-985) . 

FIG . 2A is an autoradiograph of a Southern blot depicting AAV vector packaging 
with an Ad -AAV hybrid vector. For the transfect ion-only method, 293 cells were 
transfected with plasmids containing the AAV rep and cap genes driven by 
heterologous promoters (Allen et al . (2000) Mol . Ther. 1:88-95) and with the 
AAV vector plasmid and pLNCorf6 (Scaria et al. (1995) Gene Ther. 2:295-298) 
(lane 1 only) . For the hybrid AdAAV method of AAV vector packaging, the cells 
were transduced with the indicated number of hybrid Ad -AAV vector DNase-I 
resistant particles, and transfected with plasmids containing the AAV rep and 
cap genes (as shown in FIG. ID) . The Southern blot shows the yield of DNase 
I-resistant single- stranded AAV vector genomes per cell for each condition. 
Each sample represented 6x105 293 cells. Lanes (7) to (11) contained vector 
plasmid, digested with Bglll to release the double- stranded AAV vector 
sequences, representing the indicated number of s ingles tranded (ss) AAV vector 
particles . 

FIG. 2B is a bar graph showing that AAV - CBGAApA was packaged with different Ad 
and AAV helpers. Five conditions for packaging of AAV- CBGAApA were evaluated, 
including transfection of pAAV- CBGAApA plus split AAV helper plasmids and 
pLNCorf6 (adapted from Allen et al . , 2000), hybrid Ad -AAV transduction plus 
transfection of split AAV helper plasmids, modified Ad ( (El- ,polymerase- 
)AdCMVLacZ) transduction plus split transfection of split AAV helper plasmids, 
wild-type Ad5 infection plus tranfection of pACG2 (Xiao et al . (1998) J. Virol. 
72:10222-10226) and pAAV- CBGAApA , and hybrid Ad -AAV transduction plus 
transfection of pACG2 . 

FIG. 2C is an autoradiograph of a Southern blot that was performed to quantify 
the contaminating Ad -AAV genomes. Lanes as follows: (1) untreated 293 cells, 
(2) transfection of pMVCBGAApA plus split AAV helper plasmids and pLNCorf6 
(adapted from Allen et al . 2000), (3) hybrid Ad -AAV transduction plus 
transfection of split AAV helper plasmids, (4) modified Ad ( (El ,polymerase- 
)AdCMVLacZ) transduction plus split transfection of split AAV helper plasmids, 
(5) wild-type Ad5 infection plus tranfection of pACG2 (Xiao et al . (1998) J. 
Virol. 72:1022210226) and pAAV - CBGAApA , and (6) hybrid Ad -AAV transduction plus 
transfection of pACG2 , (7) no sample, and (8) -(12) linearized Ad5- containing 
plasmid representing the indicated number of double- stranded (ds) Ad particles. 
Each sample represented 6x105 293 cells. 

FIG. 3A is a bar graph depicting analysis of large-scale AAV vector packaging 
with an Ad -AAV hybrid vector. The yield of DNase I-resistant AAV vector 
particles for AAV - CBGAApA packaged by transfection of pLNCorf6, or transduction 
with the Ad -AAV hybrid to provide Ad helper functions, compared to a vector 
encoding glucose-6-phosphatase, AAV-CBcG6PpA, packaged with pLNCorf6. Twenty to 
40 plate vector preparations were purified (3 vector preparations per 
condition), and the yield was calculated per cell plated. The mean number of 
AAV vector particles per cell is shown with the standard deviation indicated. 
FIG. 3B is an autoradiograph of a Southern blot analysis of AAVCBGAApA 
***purif ication*** , quantified versus titrated vector plasmid DNA. The 
samples represent vector DNA extracted from 25 microliters of sample. Standard 
amounts of vector plasmids were loaded for quantitation of vector particles. 
Lanes represent the following samples: (1) Crude cell lysate, (2) 40% iodoxinal 
fraction (3) Heparin-agarose (HA) column flow- through, (4) HA column wash, (5) 
HA column eluate fraction (ef) 1, (6) HA column ef 2, (7) HA column ef 3, (8) 
HA column ef 4, (9) HA column ef 2 after dialysis (10) HA column ef 2 plus 
2.5x1010 particles AAV vector plasmid, (11) HA column ef 2 plus 2.5x1010 
particles AAV vector plasmid, no DNase I added, (12) -(18) vector plasmid 
representing the indicated number of singlestranded (ss) AAV vector particles. 
Therefore, the purified AAV vector stock contained 4.8x1011 DNase 
I-resistant vector particles per ml. 



FIG. 3C is an autoradiograph of a Southern blot analysis that quant itated the 
contaminating Ad -AAV genomes in the samples described in FIG. 3B above. Lanes 
10-18 differed as follows: (10) HA column ef 2 plus 2.5x109 particles 
Ad-containing plasmid, (11) HA column ef 2 plus 2.5x109 particles Adcontaining 
plasmid, no DNase I added, (12) No sample, (13) -(17) linearized Ad5- containing 
plasmid representing the indicated number of double-stranded (ds) Ad particles. 
The residual AdAAV in the AAV vector stock was reduced to less than 1 
infectious particle per 1010 AAV vector particles. 

FIG. 4A depicts Western blot analysis of plasma that was performed at 3 days 
following intravenous administration of the hybrid Ad -AAV (essentially Ad) 
vector encoding hGAA (2x1010 vector particles/mouse) . Recombinant 
hGAA (rhGAA) is shown for reference (2 ng total), and the 110 kD hGAA precursor 
was detected as expected (Amalfitano et al . (1999) Proc. Natl. Acad. Sci . 
U.S.A. 96:8861-8866, Ding et al . (2001) Hum. Gene Ther. 12:955-965). 
FIG. 4B depicts Western blot analysis of GAA-KO mice that received a hybrid 
Ad -AAV vector (2x1010 DNase I -resistant vector particles) or an AAV vector 
(4x1010 DNase I -resistant vector particles or 1x1012 DNase I -resistant vector 
particles) encoding hGAA by intravenous administration. Western blot analysis 
of liver is shown at 2 and 6 weeks after vector administration for each group 
(n=3 for each group) . (Note: hGAA in mouse liver migrates slightly faster than 
rhGAA.) GAA-KO mice that received an AAV vector (1x1012 vector particles) 
encoding hGAA by intravenous administration (n=2) shown 6 weeks after vector 
administration. Untreated, affected GAA-KO mouse liver is shown for comparison 
(No vector, n=2) . For the higher number of AAV vector particles, the 67 kD, 76 
kD, and 110 kD hGAA species were detected as expected (Amalfitano et al. (1999) 
Proc. Nat. Acad. Sci. U.S.A. 96:8861-8866, Ding et al . (2001) Hum. Gene Ther, 
12:955-965) . 

FIGS. 5A-5C depict human GAA secretion and uptake following portal 
vein injection of an AAV vector in GAA-KO mice. 

FIG. 5A depicts Western blot analysis of plasma from GAAKO SCID mice at the 
indicated times following portal vein injection of the indicatedAAV vector 
encoding hGAA, and from untreated, GAAKO SCID mice (Controls) . Each lane 
represents an individual mouse. 

FIG. 5B is a bar graph that summarizes GAA analysis for tissues following 
portal vein injection of an AAV vector. GAA-KO/SCID mice received the vector 
packaged as AAV2 (n=l) or AAV6 (n=l) . Controls were age-matched, untreated 
GAA-KO/SCID mice (n=2) . The GM level was analyzed twice, independently, and the 
average and range are shown. 

FIG. 5C is a photomicrograph depicting periodic acid Schiff (PAS) staining of 
the heart for a GAA-KO/SCID mouse that received an AAV vector (left panel 
AAV - CBGAApA ) and for an untreated GAA-KO/ SCID mouse (right panel) and HE 
staining (lower panels) . Magnification lOOx. 

AB A recombinant hybrid virus, including: (a) a deleted adenovirus 

vector genome comprising the adenovirus 5' and 3 f cis-elements for viral 
replication and encapsidation, and further comprising a deletion in an 
adenovirus genomic region selected from the group consisting of: (i) the 
polymerase region, wherein said deletion essentially prevents the 
expression of a functional polymerase protein from said deleted region 
and said hybrid virus does not otherwise express a functional polymerase 
protein, (ii) the preterminal protein region, wherein said deletion 
essentially prevents the expression of a functional preterminal protein 
from said deleted region, and said hybrid virus does not otherwise 
express a functional preterminal protein, and (iii) both the regions of 
(i) and (ii) ; and (b) a recombinant adeno-associated virus 
(AAV) vector genome flanked by the adenovirus vector genome sequences of 
(a) , said recombinant AAV vector genome comprising (i) AAV 5 1 
and 3' inverted terminal repeats, (ii) an AAV packaging sequence, and 
(iii) a heterologous nucleic acid sequence, wherein said heterologous 
nucleic acid sequence is flanked by the 5 1 and the 3' AAV inverted 
terminal repeats of (i) . Methods of making and using the 
recombinant hybrid virus are also disclosed. 
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NUMBER OF CLAIMS: 62 7 Figure (s). 

DESCRIPTION OF FIGURES: 
FIG. 1A show results of a study demonstrating the effect of temperature on 
Adp53 production (vp/flask) . 

FIG. IB shows results of a study demonstrating the effect of temperature on 
Admda7 production (vp/flask). 

FIG. 2. Cell growth and viability in the bioreactor. 

FIG. 3. Glucose and lactate concentrations (g/L) in media vs. days in culture. 
FIG. 4. Diagram of a perfusion bioreactor system. 

FIG. 5. Cell growth and viability in perfusion culture vs. days in culture. 
FIG. 6. Glucose and lactate concentrations (g/L) in perfusion culture vs. days 
in culture. 

AB The present invention addresses the need to improve the yield of 

adenovirus when grown in cell culture systems. In particular, it has been 
demonstrated that for adenovirus, the use of infection temperatures lower 
than 37 degrees C. in a cell culture system results in improved yields of 
adenovirus. In addition, it has been demonstrated that when host cells 
are grow in a bioreactor, initiating adenovirus infection by diluting the 
host cells with fresh media and adenovirus results in improved yield of 
adenovirus. Methods of adenoviral production and purification 
using infection temperatures less than 37 degrees C. are disclosed. 
Methods of adenoviral production and purification wherein the 
host cells are grown in a bioreactor and adenovirus infection is 
initiated by diluting the host cells with fresh media and adenovirus are 
also disclosed. 
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14 Drawing Sheet (s), 2 0 Figure (s). 
DESCRIPTION OF FIGURES: 
FIG. 1 represents the nucleotide and deduced amino acid sequences of cDNA 
encoding alpha-L-iduronidase (SEQ ID NOS : 1 and 2). Nucleotides 1 
through 6200 are provided. Amino acids are provided starting with the first 
methionine in the open reading frame. 

FIG. 2 represents the results from SDS-PAGE runs of eluate obtained according 

to the procedures as described below. The top panel shows the SDS-PAGE results 

of purified alpha-Liduronidase (3 micrograms) and contaminants from 

the production/ purification scheme disclosed in Kakkis, et al . , 

Protein Expr. Purif. 5: 225-232 (1994). In the bottom panel, SDS-PAGE 

results of purified alpha-L-iduronidase with contaminants 

from an unpublished prior production/purification process (U.S. 

patent application Ser. Nos . 09/078,209 and 09/170,977) referred to as the 

Carson method in Lanes 2 (7.5 microgram alpha-Liduronidase) and Lane 3 (5.0 

microgram alpha-L-iduronidase) are compared to that of the 

product ion/purification process of the present invention referred to 

as the Galli Process (Lane 4 5 micrograms alpha-L-iduronidase) . Lane 

1 contains the molecular weight marker. FIG. 2 shows that the Galli production/ 

***purif ication*** method of the present invention yields a highly 

***purif ied*** alpha-L-iduronidase product with fewer contaminants 

in comparison with prior production/purification schemes. 

FIG. 3 demonstrates the alpha-iduronidase production level over a 

30-day period, during which time cells are switched at day 5 from a serum 

containing medium to a serum- free medium, alphalduronidase production was 

characterized by: (1) absence of a need for adaptation when cells are switched 

from serumcontaining to serum- free medium at 100200 (top and bottom panels) 

with an uninterrupted increase in productivity (top panel) ; (2) a high level of 



production in excess of 4 mg per liter (1000 per mL) in a protein-free medium 
(bottom panel); and (3) a boost in alpha -iduronidase production with 
butyrate induction events (bottom panel) . 

FIG. 4 demonstrates a decrease in liver volume during enzyme therapy in MPS I 
patients . 

FIG. 5 demonstrates urinary GAG excretion during enzyme therapy . 
FIG. 6 demonstrates elbow and knee extension in HAC002 during enzyme therapy. 
FIG. 7 demonstrates shoulder flexion to 104 weeks in four patients with the 
most restriction during enzyme therapy. 

FIG. 8 demonstrates improvement in sleep apnea before and after six weeks of 
therapy. 

FIG. 9 demonstrates the improvement in apneas and hypopneas during sleep with 
enzyme therapy in each individual patient. 

FIG. 10 demonstrates the improvement in pulmonary function tests before and 
after 12 and 52 weeks of enzyme therapy in one patient. 

FIG. 11 demonstrates increased height growth velocity with enzyme therapy. 
FIG. 12 shows the degree of contamination by Chinese Hamster Ovary Protein 
(CHOP) and degree of purity of alpha-Liduronidase, produced by (1) the Carson 
method, an unpublished prior production/purification process (U.S. 
patent application Ser. Nos . 09/078,209 and 09/170,977 and (2) the Galli 
method, the production/purification process of the present invention. 
Thus, 

FIG. 12 shows that alpha -L- iduronidase produced and purified 

by the Galli method has a higher degree of purity and lower degree of CHOP 

contamination in comparison to that of the Carson method. 

FIG. 13 shows a comparison of a lpha-L- iduronidase produced by the 

Galli method versus the Carson method. On the left side of the Figure, results 

from a Western Blot show that the Galli material (left side, column 2) comprise 

fewer contaminating protein bands (between 48 kDa and 17 kDa) in comparison 

with the Carson material (left side, column 3) . On the right side of the 

Figure, results from an SDS-PAGE silver stain show the absence of a band at the 

62 kDa in the Galli material (column 2) in comparison to the presence of such a 

band in the Carson material (column 3) . 

AB The present invention provides a formulation comprising a pharmaceutical 
composition comprising a human recombinant alpha -L- 
iduronidase or biologically active or muteins thereof with a 
purity of greater than 99%, or in combination with a 
pharmaceutical ly acceptable carrier. The present invention further 
provides methods to treat certain genetic disorders including alpha -L- 
iduronidase deficiency and mucopolysaccharidosis I (MPS 1) by 
administering said formulation. 
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NUMBER OF CLAIMS: 80 7 Figure (s). 

DESCRIPTION OF FIGURES: 
FIG. 1A show results of a study demonstrating the effect of temperature on 
Adp53 production (vp/flask) . 

FIG. IB shows results of a study demonstrating the effect of temperature on 
Admda7 production (vp/flask) . 

FIG. 2. Cell growth and viability in the bioreactor. 

FIG. 3. Glucose and lactate concentrations (g/L) in media vs. days in culture. 
FIG. 4. Diagram of a perfusion bioreactor system. 

FIG. 5. Cell growth and viability in perfusion culture vs. days in culture. 
FIG. 6. Glucose and lactate concentrations (g/L) in perfusion culture vs. days 
in culture. 

AB The present invention addresses the need to improve the yield of 

adenovirus when grown in cell culture systems. In particular, it has been 
demonstrated that for adenovirus, the use of infection temperatures lower 
than 37 degrees C. in a cell culture system results in improved yields of 
adenovirus. In addition, it has been demonstrated that when host cells 
are grow in a bioreactor, initiating adenovirus infection by diluting the 
host cells with fresh media and adenovirus results in improved yield of 
adenovirus. Methods of adenoviral production and purification 
using infection temperatures less than 37 degrees C. are disclosed. 
Methods of adenoviral production and purification wherein the 
host cells are grown in a bioreactor and adenovirus infection is 
initiated by diluting the host cells with fresh media and adenovirus are 
also disclosed. 
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NUMBER OF CLAIMS: 39 18 Figure(s). 

DESCRIPTION OF FIGURES: 
FIG. 1: A transgene containing acid a-glucosidase cDNA. The 
asl-casein exons are represented by open boxes; . alpha . -glucosidase cDNA 
is represented by a shaded box. The . alpha . sl-casein intron and flanking 
sequences are represented by a thick line. A thin line represents the IgG 
acceptor site. The transcription initiation site is marked (), the translation 
initiation site (ATG) , the stopcodon (TAG) and the polyadenylat ion site (pA) . 
FIG. 2 (panels A, B, C) : Three transgenes containing acid a -glucosidase 
genomic DNA. Dark shaded areas are asl casein sequences, open boxes 
represent acids aglucosidase exons, and the thin line between the open 
boxes represents a-glucosidase introns. Other symbols are the same as in 
FIG. 1. 

FIG. 3 (panels A, B, C) : Construction of genomic transgenes. The 
a-glucosidase exons are represented by open boxes; the . 

alpha . -glucosidase introns and nontranslated sequences are indicated by thin 
lines. The pKUN vector sequences are represented by thick lines. 
FIG. 4 (panels A and B) . Detection of acid a-glucosidase in milk of 
transgenic mice by Western blotting. 

FIG. 5. Chromatography profile of rabbit whey on a Q Sepharose FF column. 
FIG. 6. Chromatography profile of Q Sepharose FF-purified 
** * recombinant*** human a-glucosidase fraction on a Phenyl HP 
Sepharose column. 

FIG. 7. Chromatography profile of a (Phenyl HP Sepharosepurif ied) 

** Recombinant*** human a-glucosidase fraction on Source Phenyl 15 

column. 

FIG. 8. SDS-PAGE analysis of various fractions during the acid aglucosidase 
***purif ication*** procedure. Various fractions obtained during a 
***recombinant*** human acid a-glucosidase purification 

from rabbit milk (line 60) were diluted in non-reduced SDS sample buffer. The 
samples were boiled for 5 minutes and loaded on a SDS-PAGE gradient gel (4-12%, 
Novex) . 

FIG. 9. HPLC size exclusion profile of purified recombinant 
***human*** acid aglucosidase precursor. 

FIG. 10. Binding of 1251 human acid a-glucosidase precursor to 
various metal -chelating and lectin Sepharoses . Purified human 

acid a-glucosidase precursor from rabbit line 60 was radiolabeled with 1251 as 
described in Example 5. Binding of the labeled enzyme to the metal -chelating 
Sepharoses (Fe2+, Fe3+, Cu2+, Zn2+, glycine, and control) and to the lectin 
Sepharoses (Concanavalin A and lentil) was done as described in Example 1. Two 
washing procedures were tested: either a wash with PBS, 0. 002% Tween-20 
buffer, or a wash with PBS, 0.1% Tween-20, 0.5 M sodium chloride buffer. The 
binding percentages relate to the total amount of radiolabel added to the 
tubes . 

FIG. 11. Chromatographic elution profiles of acid a-glucosidasecontaining 
fractions on various HIC columns. 

FIG. 12 Chromatography profiles of transgenic and non-transgenic whey fractions 

on a Hydroxy 1 apatite column. Transgenic ( ) and non-transgenic (-.-.-.-) 

rabbit whey, obtained after skimming (by centrifugation) and casein removal (by 
TFF) , were loaded on a Amberchrome column (4.6x150 mm) containing MacroPrep 



ceramic hydroxylapat ite type I (40 Ltm beads; BioRad) connected to a FPLC 
system of Pharmacia. Whey fractions obtained after TFF were diluted 5-fold in 
buffer A (10 mM NaPi pH 6.8), and 0.2 ml was loaded on the column 
pre-equilibrated in buffer A. The flow rate was 2 ml/min. After loading, bound 
protein was eluted with a gradient to 500 mM NaPj pH 6.8 in 10 column volumes. 
Protein was detected by measuring the absorbance at 280 nm (flow cell is 2 mm) . 
FIG . 13. SDS-PAGE analysis of whey fractions from the hydroxylapat ite column. 
Transgenic and non-transgenic rabbit whey were loaded on the Macro-Prep ceramic 
hydroxylapat ite type) column as described in FIG. 12. 

FIGS. 14 to 19 are chromatograms of hydroxylapat ite chromatography separations 
of transgenic whey samples in which the samples were loaded on to the column at 
sodium phosphate buffer (NaPi) concentrations of 5, 10, 20, 30, 40 or 50 mM 
respectively. The pH of the buffer was 7.0. The chromatograms show the gradient 
of sodium phosphate eluting buffer to 400 mM, the AZSO and the pH of the eluate 
and the fractions collected. 

FIGS. 20 to 23 are chromatograms of hydroxylapat ite chromatography separations 
as in FIGS. 14 to 19 above except that the pH of the sample was varied whilst 
the NaPi buffer concentration was retained at 5 mM. The pH of the samples 
fractionated were pH 6.0, 7.0 and 7.5 respectively. 

FIG. 24 is a chromatogram of an industrial (pilot) scale separation of 
transgenic milk whey on Q Sepharose FF. 

FIG. 25 is a chromatogram of hydroxylapat ite column chromatography of 0 . 1 M 
eluate from the Q Sepharose FF column. 

FIG. 26 is a silver stained SDS-PAGE gel of flow through fractions from a 
series of hydroxylapat ite chromatography separations of 0.1 M eluates of Q 
Sepharose FF. 

AB The invention provides methods of purifying lysosomal proteins, 

pharmaceutical compositions for use in enzyme replacement therapy, and 
methods of treating Pompe's disease using purified 
human acid alpha glucosidase. 
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recombinant a-L- iduronidase in large scale amts. 

with appropriate purity to enable large scale production for long term patient 
use of the enzyme therapy. The method comprises the steps of: (a) 
harvesting and filtering fluid obtained from a culture of Chinese hamster 
ovary cells transformed with nucleic acids encoding the human 
recombinant a-L- iduronidase; (b) adjusting the pH 

of the fluid to an acidic pH wherein any potential virus is inactivated 
and said human recombinant ct-L- 

iduronidase is not harmed, followed by filtration through a 0.2 
p, to 0.54 \x filter; (c) passing the fluid from step (b) through a 
Cibacron Blue dye interaction chromatog. column to capture the 
human recombinant a-L- iduronidase; (d) 

passing the fluid through a copper chelation chromatog. column to remove 
contaminating Chinese hamster ovary proteins; (e) passing the fluid 
through a Ph hydrophobic interaction chromatog. column to reduce residual 
leached Cibacron Blue dye and copper ions canned over from previous 
columns; and (f) concentrating and diafiltering the purified 
human recombinant a-L- iduronidase; 

wherein said purity of equal to or greater than .apprx.99% 
purity of human recombinant ct-L- 

iduronidase is measured by pg of contaminating Chinese hamster 
ovary protein per mg of total protein. The purified com. grade 
recombinant human a-L- iduronidase can be 
used for treating genetic disorders including a-L- 
iduronidase deficiency and mucopolysaccharidosis I. 
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NUMBER OF CLAIMS: 20 8 Figure (s) . 

DESCRIPTION OF FIGURES: 
FIG. 1 represents the nucleotide and deduced amino acid sequences of cDNA 
encoding alpha -L-iduronidase (SEQ ID Nos : 1 and 2) . Nucleotides 1 
through 6200 are provided. Amino acids are provided starting with the first 
methionine in the open reading frame. 

FIG. 2 represents the results from an SDS-PAGE run of eluate obtained according 
to the procedure set forth in Example 1. Lane 1 is blank. Lane 2 contained high 
molecular weight standards. Lane 3 is a blank. Lane 4 contained bovine serum 
albumin in a concentration of 50 mu g. Lanes 5 through 10 represent eluate 
containing recombinantly produced human alphaL-iduronidase 

in amounts of 1 mu g, 2 mu g, 5 mu g, 5 mu g, 5 mu g and 5 mu g, respectively. 
FIG. 3 reveals the urinary GAG levels in 16 MPS I patients in relation to 
normal excretion values. There is a wide range of urine GAG values in untreated 
MPS I patients. A greater than 50% reduction in excretion of undegraded GAGs 
following therapy with recombinant alpha-L-iduronidase is a 
valid means to measure an individual's response to therapy. 
FIG. 4 demonstrates leukocyte iduronidase activity before and after 
enzyme therapy in MPS I patients. 

FIG. 5 demonstrates the buccal iduronidase activity before and after 
enzyme therapy. 

FIG. 6 demonstrates in three patients that a substantial shrinkage of liver and 
spleen together with significant clinical improvement in joint and soft tissue 
storage was associated with a greater than 65% reduction in undegraded GAG 
after only 8 weeks of treatment with recombinant enzyme. 

FIG. 7 demonstrates that there is substantial normalization of livers and 
spleens in patients treated with recombinant enzyme after only 12 
weeks of therapy. 

FIG. 8 demonstrates a precipitous drop in urinary GAG excretion over 22 weeks 

of therapy with recombinant enzyme in 6 patients. 

AB The present invention provides a recombinant alpha 

-Liduronidase and biologically active fragments and mutants thereof, 
methods to produce and purify this enzyme as well as methods to 
treat certain genetic disorders including- alpha -Liduronidase deficiency 
and mucopolysaccharidosis I (MPS 1) . 
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14 Drawing Sheet (s), 19 Figure(s). 
DESCRIPTION OF FIGURES: 
FIG. 1 represents the nucleotide and deduced amino acid sequences of cDNA 
encoding alpha -L-iduronidase (SEQ ID NOS:l and 2). Nucleotides 1 
through 6200 are provided. Amino acids are provided starting with the first 
methionine in the open reading frame. 

FIG. 2 represents the results from SDS-PAGE runs of eluate obtained according 

to the procedures as described below. The top panel shows the SDS-PAGE results 

of purified alpha -Liduronidase (3 micrograms) and contaminants from 

the production/ purification scheme disclosed in Kakkis, et al . , 

Protein Expr. Purif. 5: 225-232 (1994). In the bottom panel, SDS-PAGE 

results of purified alpha-L-iduronidase with contaminants 

from an unpublished prior production/purification process (U.S. 

patent application Ser. Nos . 09/078,209 and 09/170,977) referred to as the 

Carson method in Lanes 2 (7.5 microgram alpha-Liduronidase) and Lane 3 (5.0 

microgram alpha-L-iduronidase) are compared to that of the 

production/purification process of the present invention referred to 

as the Galli Process (Lane 4 5 micrograms alpha-L-iduronidase) . Lane 

1 contains the molecular weight marker. FIG. 2 shows that the Galli production/ 

***purif ication*** method of the present invention yields a highly 

***purif ied*** alpha-L-iduronidase product with fewer contaminants 

in comparison with prior product ion/pur if ication schemes. 

FIGS. 3A-3B demonstrates the alpha-iduronidase production level over 

a 30-day period, during which time cells are switched at day 5 from a 

serum-containing medium to a serum-free medium, alpha -Iduronidase 

production was characterized by: (1) absence of a need for adaptation when 

cells are switched from serumcontaining to serum-free medium at 100200 (top and 

bottom panels) with an uninterrupted increase in productivity (top panel) ; (2) 

a high level of production in excess of 4 mg per liter (1000 per mL) in a 

protein-free medium (bottom panel) ; and (3) a boost in alpha- 

***iduronidase*** production with butyrate induction events (bottom panel) . 

FIG. 4 demonstrates a decrease in liver volume during enzyme therapy in MPS I 

patients . 

FIG. 5 demonstrates urinary GAG excretion during enzyme therapy. 



FIG. 6 demonstrates elbow and knee extension in HAC002 during enzyme therapy. 
FIG. 7 demonstrates shoulder flexion to 104 weeks in four patients with the 
most restriction during enzyme therapy. 

FIG. 8 demonstrates improvement in sleep apnea before and after six weeks of 
therapy . 

FIG. 9 demonstrates the improvement in apneas and hypopneas during sleep with 
enzyme therapy in each individual patient. 

FIG. 10 demonstrates the improvement in pulmonary function tests before and 
after 12 and 52 weeks of enzyme therapy in one patient. 

FIG. 11 demonstrates increased height growth velocity with enzyme therapy. 
FIG. 12 shows the degree of contamination by Chinese Hamster Ovary Protein 
(CHOP) and degree of purity of alpha -Liduronidase, produced by (1) the Carson 
method, an unpublished prior production/purification process (U.S. 
patent application Ser. Nos. 09/078,209 and 09/170,977 and (2) the Galli 
method, the production/purif ication process of the present invention. 
Thus, FIG. 12 shows that alpha-L-iduronidase produced and 

***purif ied*** by the Galli method has a higher degree of purity and lower 
degree of CHOP contamination in comparison to that of the Carson method. 
AB The present invention provides a recombinant human 

alpha -Liduronidase and biologically active fragments and mutants 
thereof, large scale methods to produce and purify commercial 
grade recombinant human alpha -L-iduronidase 

enzyme as well as methods to treat certain genetic disorders including 
alpha -Liduronidase deficiency and mucopolysaccharidosis I (MPS 1) . 
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AB The present invention provides a recombinant human 



a-L- iduronidase and biol . active fragments and muteins 
thereof with a purity greater than 99%. The present invention 
further provides large-scale methods to produce and purify com. 
grade recombinant human a-L- iduronidase 

enzyme thereof. The method involves preparation of a seed culture containing 
Chinese hamster ovary cells 2.131 transfected with a vector encoding cDNA 
for a-L- iduronidase. These cells is washed and 

resuspended in a protein-free culture medium supplemented with 7.6 mg/L 
thymidine, 13.6 mg/L hypoxanthine, 375 ng/mL G418 and 5% fetal bovine 
serum. The cell suspension is incubated at 37°C for 2-3 days with 
5% C02 in three 225 cm flasks. The said cell suspension is split by 
sequentially adding the cells to one 1L spinner flask, two 3L flasks and 4 
8L flasks. The cell suspension is stirred at 50 rpm, followed by 
increasing the inoculum volume by incubating and subculturing cells to a 
final cell d. of about 2-2.5 x 105. A mixture containing macroporous 
microcarriers is prepared in growth medium with fetal bovine serum and 
transfering said mixture to a bioreactor. Cells from the bioreactor may be 
harvested at a d. of about 106. Methods for purifn. of 
a-L- iduronidase to greater than 99% purity 

include adjusting the pH to an acidic range, followed by filtering the 
mixture through a 0.2-0.54 filter. The filtrate is further passed 
through a blue sepharose FF column to capture the protein which 
purifies a-L- iduronidase 7-10 -fold. Contaminating 

CHO proteins are removed by passing the fluid through a copper chelating 

sepharose column. The mixture is then passed through a Ph sepharose column 

to reduce residual leached Cibacron blue dye and copper ions carried over 

from the previous columns. Purified a-L- 

iduronidase is concentrated and diafiltered. The purifn. 

steps include 10% glycerol in all buffers to improve the a-L- 

iduronidase yield. The specific activity of a-L- 

iduronidase may be greater than 240,000 units/mg protein. 
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NUMBER OF CLAIMS: 28 13 Figure(s). 

DESCRIPTION OF FIGURES: 
FIG. 1 represents the nucleotide and deduced amino acid sequences of cDNA 
encoding alpha -L-iduronidase (SEQ ID N0S:1 and 2). Nucleotides 1 
through 6200 are provided. Amino acids are provided starting with the first 
methionine in the open reading frame. 

FIG. 2 represents the results from SDS-PAGE runs of eluate obtained according 
to the procedures as described below. The top panel shows the SDS-PAGE results 
of purified alpha -Liduronidase (3 micrograms) and contaminants from 
the production/ purification scheme disclosed in Kakkis, et al . , 
Protein Expr. Purif. 5: 225-232 (1994). In the bottom panel, SDS-PAGE 
results of purified alpha-L-iduronidase with contaminants 
from an unpublished prior production/purification process (U.S. 
patent application Ser. Nos . 09/078,209 and 09/170,977) referred to as the 
Carson method in Lanes 2 (7.5 microgram alpha-Liduronidase) and Lane 3 (5.0 
microgram alpha-L-iduronidase) are compared to that of the 
production/purification process of the present invention referred to 
as the Galli Process (Lane 4 5 micrograms alpha-L-iduronidase) . Lane 
1 contains the molecular weight marker. FIG. 2 shows that the Galli production/ 
***purif ication*** method of the present invention yields a highly 
***purif ied*** alpha-L-iduronidase product with fewer contaminants 
in comparison with prior product ion/pur if ication schemes. 
FIG. 3 demonstrates the alpha-iduronidase production level over a 
30-day period, during which time cells are switched at day 5 from a 
serum-containing medium to a serum- free medium, alphalduronidase production was 
characterized by: (1) absence of a need for adaptation when cells are switched 
from serumcontaining to serum-free medium at 100200 (top and bottom panels) 
with an uninterrupted increase in productivity (top panel); (2) a high level of 
production in excess of 4 mg per liter (1000 per mL) in a protein-free medium 
(bottom panel) ; and (3) a boost in alpha-iduronidase production with 
butyrate induction events (bottom panel) . 

FIG. 4 demonstrates a decrease in liver volume during enzyme therapy in MPS I 
patients . 

FIG. 5 demonstrates urinary GAG excretion during enzyme therapy. 
FIG. 6 demonstrates elbow and knee extension in HAC002 during enzyme therapy. 
FIG. 7 demonstrates shoulder flexion to 104 weeks in four patients with the 
most restriction during enzyme therapy. 

FIG. 8 demonstrates improvement in sleep apnea before and after six weeks of 
therapy . 

FIG. 9 demonstrates the improvement in apneas and hypopneas during sleep with 
enzyme therapy in each individual patient. 

FIG. 10 demonstrates the improvement in pulmonary function tests before and 
after 12 and 52 weeks of enzyme therapy in one patient. 

FIG. 11 demonstrates increased height growth velocity with enzyme therapy. 
FIG. 12 shows the degree of contamination by Chinese Hamster Ovary Protein 
(CHOP) and degree of purity of alpha-Liduronidase, produced by (1) the Carson 
method, an unpublished prior production/purification process (U.S. 
patent application Ser. Nos. 09/078,209 and 09/170,977 and (2) the Galli 
method, the production/purification process of the present invention. 
Thus, FIG. 12 shows that alpha-L-iduronidase produced and 

***purif ied*** by the Galli method has a higher degree of purity and lower 
degree of CHOP contamination in comparison to that of the Carson method. 
FIG. 13 shows a comparison of alpha-L-iduronidase produced by the 
Galli method versus the Carson method. On the left side of the Figure, results 
from a Western Blot show that the Galli material (left side, column 2) comprise 
fewer contaminating protein bands (between 48 kDa and 17 kDa) in comparison 
with the Carson material (left side, column 3) . On the right side of the 
Figure, results from an SDS-PAGE silver stain show the absence of a band at the 
62 kDa in the Galli material (column 2) in comparison to the presence of such 
a band in the Carson material (column 3) . 

AB The present invention provides a formulation comprising a pharmaceutical 
composition comprising a h uma n recombinant alpha -L- 
iduronidase or biologically active or muteins thereof with a 



purity of greater than 99%, or in combination with a 
pharmaceutical]^ acceptable carrier. The present invention further 
provides methods to treat certain genetic disorders including alpha 
iduronidase deficiency and mucopolysaccharidosis I (MPS 1) by 
administering said f ormulation . 
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NUMBER OF CLAIMS: 7 13 Figure(s). 

DESCRIPTION OF FIGURES: 
FIG. 1 represents the nucleotide and deduced amino acid sequences of cDNA 
encoding alpha -L- iduronidase (SEQ ID NOS : 1 and 2). Nucleotides 1 
through 6200 are provided. Amino acids are provided starting with the first 
methionine in the open reading frame. 

FIG. 2 represents the results from SDS-PAGE runs of eluate obtained according 

to the procedures as described below. The top panel shows the SDS-PAGE results 

of purified alpha-Liduronidase (3 micrograms) and contaminants from 

the production/ purification scheme disclosed in Kakkis, et al . , 

Protein Expr. Purif. 5: 225-232 (1994). In the bottom panel, SDS-PAGE 

results of purified alpha -L- iduronidase with contaminants 

from an unpublished prior production/purification process (U.S. 

patent application Ser. Nos . 09/078,209 and 09/170,977) referred to as the 

Carson method in Lanes 2 (7.5 microgram alpha-Liduronidase) and Lane 3 (5.0 

microgram alpha-L-iduronidase) are compared to that of the 

production/purification process of the present invention referred to 

as the Galli Process (Lane 4 5 micrograms alpha-L-iduronidase) . Lane 

1 contains the molecular weight marker. FIG. 2 shows that the Galli production/ 

***purif ication*** method of the present invention yields a highly 

***purif ied*** alpha-L-iduronidase product with fewer contaminants 



in comparison with prior product ion/purification schemes. 
FIG. 3 demonstrates the alpha -iduronidase production level over a 
30-day period, during which time cells are switched at day 5 from a 
serum-containing medium to a serum- free medium, alpha Iduronidase production was 
characterized by: (1) absence of a need for adaptation when cells are switched 
from serumcontaining to serum-free medium at 100200 (top and bottom panels) 
with an uninterrupted increase in productivity (top panel) ; (2) a high level of 
production in excess of 4 mg per liter (1000 per mL) in a protein-free medium 
(bottom panel) ; and (3) a boost in alpha -iduronidase production with 
butyrate induction events (bottom panel) . 

FIG. 4 demonstrates a decrease in liver volume during enzyme therapy in MPS I 
patients . 

FIG. 5 demonstrates urinary GAG excretion during enzyme therapy. 
FIG. 6 demonstrates elbow and knee extension in HAC002 during enzyme therapy. 
FIG. 7 demonstrates shoulder flexion to 104 weeks in four patients with the 
most restriction during enzyme therapy. 

FIG. 8 demonstrates improvement in sleep apnea before and after six weeks of 
therapy . 

FIG. 9 demonstrates the improvement in apneas and hypopneas during sleep with 
enzyme therapy in each individual patient. 

FIG. 10 demonstrates the improvement in pulmonary function tests before and 
after 12 and 52 weeks of enzyme therapy in one patient. 

FIG. 11 demonstrates increased height growth velocity with enzyme therapy. 
FIG. 12 shows the degree of contamination by Chinese Hamster Ovary Protein 
(CHOP) and degree of purity of alpha-Liduronidase, produced by (1) the Carson 
method, an unpublished prior production/purification process (U.S. 
patent application Ser. Nos . 09/078,209 and 09/170,977 and (2) the Galli 
method, the production/purification process of the present invention. 
Thus, FIG. 12 shows that alpha -L- iduronidase produced and 

***purif ied*** by the Galli method has a higher degree of purity and lower 

degree of CHOP contamination in comparison to that of the Carson method. 

FIG. 13 shows a comparison of alpha -L- iduronidase produced by the 

Galli method versus the Carson method. On the left side of the Figure, results 

from a Western Blot show that the Galli material (left side, column 2) comprise 

fewer contaminating protein bands (between 4 8 kDa and 17 kDa) in comparison 

with the Carson material (left side, column 3) . On the right side of the 

Figure, results from an SDS-PAGE silver stain show the absence of a band at the 

62 kDa in the Galli material (column 2) in comparison to the presence of such 

a band in the Carson material (column 3) . 

AB The present invention provides a recombinant human 

alpha -Liduronidase and biologically active fragments and muteins thereof 
with a purity greater than 99%. The present invention further 
provides large-scale methods to produce and purify commercial 
grade recombinant human alpha -L-iduronidase 
enzyme thereof 
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3 9 24 Figure (s) . 
DESCRIPTION OF FIGURES: 



FIG. 1: A transgene containing acid a-glucosidase cDNA. The 
asl-casein exons are represented by open boxes; . alpha . -glucosidase cDNA 
is represented by a shaded box. The . alpha . si -casein intron and flanking 
sequences are represented by a thick line. A thin line represents the IgG 
acceptor site. The transcription initiation site is marked (), the translation 
initiation site (ATG) , the stopcodon (TAG) and the polyadenylation site (pA) . 
FIG. 2 (panels A, B, C) : Three transgenes containing acid alpha . glucosidase 
genomic DNA. Dark shaded areas are asl casein sequences, open boxes 
represent acids alpha . -glucosidase exons, and the thin line between the open 
boxes represents aglucosidase introns. Other symbols are the same as in 
FIG. 1. 

FIG. 3 (panels A, B, C) : Construction of genomic transgenes. The 
a-glucosidase exons are represented by open boxes; the . 

alpha . -glucosidase introns and nontranslated sequences are indicated by thin 
lines. The pKUN vector sequences are represented by thick lines. 
FIG. 4 (panels A and B) . Detection of acid a-glucosidase in milk of 
transgenic mice by Western blotting. 

FIG. 5. Chromatography profile of rabbit whey on a Q Sepharose FF column. A 
whey fraction from rabbit (line 60) milk (about 550 ml) , prepared by tangential 
flow filtration (TFF) of the (diluted) skimmed milk, was incubated with 
solvent /detergent (1% Tween-80 , 0 . 3% TnBP) , and loaded on a Q Sepharose FF 
column (Pharmacia XK-50 column, 18 cm bed height; 250 5 cm/hr flow rate) . The 
column was washed with (7) column volumes (cv) of buffer A (20 mM sodium 
phosphate buffer pH 7.0), and the human acid a-glucosidase fraction 
was eluted with 3.5 cv buffer A, containing 100 mM sodium chloride. All 
strongly bound proteins were eluted with about 3 cv 100% buffer B (1 M NaCl, 20 
mM sodium phosphate buffer pH 7.0) . All column chromatography was controlled by 
the AKTA system of Pharmacia. 

Protein was detected on-line by measuring the absorbance at 280 nm. 
FIG. 6. Chromatography profile of Q Sepharose FF-purified 
***recombinant*** human a-glucosidase fraction on a Phenyl HP 
Sepharose column. 

One volume of 1 M ammonium sulphate was added to the Q Sepharose FF 
***human*** acid a-glucosidase eluate (obtained with 100 mM sodium chloride, 
20 mM sodium phosphate buffer pH 7 . 0 step; fraction F3 of FIG. 1) while 
stirring continuously. This sample was loaded on a Phenyl HP Sepharose column 
(Pharmacia XK-50 column, 14 cm bed height; 150 cm/hr flow rate) at room 
temperature (loaded 1-1.2 mg a-glucosidase/ml Sepharose). Before loading, the 
column was equilibrated in 0.5 M ammonium sulphate, 50 mM sodium phosphate 
buffer pH 6.0 (=buffer C) . After loading the sample, the column was washed with 
2 cv of buffer C to remove contaminating proteins like transferrin and serum 
albumin. Most recombinant human acid a-glucosidase was 

eluted from the Phenyl HP column with 4 cv buffer D(=50 mM sodium phosphate at 
pH 6.0 buffer) . The strongest bound proteins were eluted first with water, then 



with 20% ethanol . 

FIG. 7. Chromatography profile of a (Phenyl HP Sepharosepurif ied) 
***recombinant*** human a-glucosidase fraction on Source Phenyl 15 
column. A 2 M ammonium- sulphate, 50 mM sodium phosphate buffer, pH 7.0 was 
added to the human acid aglucosidase eluate from the Phenyl HP column 
(fraction F4 from FIG . 6), until a final concentration of 0.85 M ammonium 
sulphate was reached. The solution was stirred continuously and mildly. The 
eluate was loaded on a Source Phenyl 15 column (Pharmacia Fineline 100 column, 
15 cm bed height ;76 cm/hr flow rate) pre-equilibrated in 0.85 M ammonium 
sulphate, 50 mM sodium phosphate pH 7 . 0 buffer (=buffer E) . 

About 2 mg of acid a-glucosidase can be loaded per ml Source 15 Phenyl in this 
column. After loading the sample, recombinant human acid 

aglucosidase was eluted from the (Source 15 Phenyl) column with 10 cv of a 
linear gradient from 100% buffer E to 100% buffer F (buffer F =50 mM sodium 
phosphate buffer, pH 7.0). Careful pooling of the elution fraction is required 
(based on purity profiles of the column fractions on SDS-PAGE using Coomassie 
Brillant Blue staining) to obtain highly purified recombinant 

acid a-glucosidase. Residual bound proteins were eluted from the column, first 
with water, and then with 20% ethanol. 

FIG. 8. SDS-PAGE analysis of various fractions during the acid aglucosidase 
***purif ication*** procedure. Various fractions obtained during a 
***recombinant*** human acid a-gylucosidase purification 

from rabbit milk (line 60) were diluted in non-reduced SDS sample buffer. The 
samples were boiled for 5 minutes and loaded on a SDS-PAGE gradient gel (4-12%, 
No vex) . 

Proteins were stained with Coomassie Brillant Blue. Lane 1: Full rabbit milk 

(40 ug) ; 2. Whey after TFF of skimmed milk (40, ug) ; 3. Acid a-glucosidase 

eluate fraction from the Q Sepharose FF column (30 ug) ; 4. Acid aglucosidase 

eluate fraction from the Phenyl HP column (5 ug) ; 5. Acid aglucosidase eluate 

fraction from the Source 15 Phenyl column (5 ug) . The letters refer to protein 

bands which were identified as: a. rabbit immunoglobulins; b. unknown protein; 

c. recombinant human acid aglucosidase precursor (doublet 

under these SDS-PAGE conditions) ; d. rabbit transferrin, e. rabbit serum 

albumin; f. rabbit caseins; g. rabbit Whey Acidic Protein (WAP), possibly a 

dimer; h. rabbit Whey Acidic Protein (WAP), monomer; i. unknown protein, 

possibly a rabbit WAP variant, or a-lactalbumin; j. dimer or 

***recombinant*** human acid a-glucosidase precursor (doublet under 

these SDS-PAGE conditions) ; k. unknown protein (rabbit transferrin, or 

processed recombinant human acid aglucosidase. 

FIG. 9. HPLC size exclusion profile of purified recombinant 

***human*** acid aglucosidase precursor. Recombinant human 

acid aglucosidase precursor was purified from transgenic rabbit milk 

by defatting milk, TFF of skimmed milk, Q FF chromatography, Phenyl HP 

chromatography. Source 15 Phenyl chromatography, and final filtration. The 

sample was prepared for the HP SEC chromatography run as described in Example 

5. 

FIG. 10. Binding of 1251 human acid a-glucosidase precursor to 
various metal -chelating and lectin Sepharoses. Purified human 

acid a-glucosidase precursor from rabbit line 60 was radiolabeled with 1251 as 
described in Example 5. Binding of the labeled enzyme to the metal -chelating 
Sepharoses (Fe2+, Fe3+, Cu2+, Zn2+, glycine, and control) and to the lectin 
Sepharoses (Concanavalin A and lentil) was done as described in Example 1. Two 
washing procedures were tested: either a wash with PBS, 0. 002% Tween-20 
buffer, or a wash with PBS, 0.1% Tween-20, 0.5 M sodium chloride buffer. The 
binding percentages relate to the total amount of radiolabel added to the 
tubes . 

FIG. 11. Chromatographic elution profiles of acid a-glucosidasecontaining 
fractions on various HIC columns. 

Purified acid a-glucosidase 110 kDa precursor or mature 76 kDa acid 
a-glucosidase (A and B; both 5 ug; recombinant from transgenic mouse 
milk line 2 585) were analyzed on a 1 ml Butyl 4 Fast Flow Sepharose or Octyl 4 
Fast Flow Sepharose HiTrap column (Pharmacia, Sweden) . A transgenic (line 
60;-0-) and nontransgenic (-) whey fraction (prepared by 20,000 g, 60 min 



centrifugation) were also analyzed on a butyl column (both 200 ul, 25 fold 
diluted; C) . Also a Q Fast Flow fraction (eluted at 100 ut salt from the 
column; see FIG. 1) of transgenic (line 60;-0-) and non- transgenic (-) whey 
were loaded on an ether column (both 200 ul, 25-fold diluted; Toyopearl Ether 
650 M (TosoHaas) in a 2.5 ml, 5 cm bed height column; C) . The results indicate 
a strong binding of acid a-glucosidase to the HIC columns (A and B) . Most whey 
proteins do not bind (C) . A nearly pure acid a-glucosidase was obtained after 
loading a Q Fast Flow eluate on an ether column (D) , where most of the 
contaminating proteins like serum albumin and transferrin do not bind (SDS-PAGE 
gels not shown) . The binding buffer in A, B, and C was M ammonium sulphate, 50 
mM sodium phosphate pH 7.0. The binding buffer in D was 1.5 M ammonium 
sulphate, 50 mM sodium phosphate pH 7.0. The flow rate was 1 ml/min. Bound 
protein was eluted with a linear salt gradient to 50 mM sodium phosphate pH 7 . 0 
in 30 min. All column chromatography was controlled by the AKTA system of 
Pharmacia. Protein was detected on-line by measuring the absorbance at 280 nm 
(0.2 cm flow cell) . The conductivity was measured on line. mAU=milliAbsorbance 
units , mS/cm=milli-Siemens/cm. 

FIG. 12 Chromatography profiles of transgenic and non- transgenic whey fractions 
on a Hydroxylapatite column. Transgenic (-) and non-transgenic (-) rabbit whey, 
obtained after skimming (by centrifugation) and casein removal (by TFF) , were 
loaded on a Amberchrome column (4.6 x 150 mm) containing Macro-Prep ceramic 
hydroxylapatite type I (40 Ltm beads; BioRad) connected to a FPLC system of 
Pharmacia. Whey fractions obtained after TFF were diluted 5- fold in buffer A 
(10 mM NaPi pH 6.8), and 0.2 ml was loaded on the column pre-equilibrated in 
buffer A. The flow rate was 2 ml/min. After loading, bound protein was eluted 
with a gradient to 500 mM NaPj pH 6.8 in 10 column volumes. Protein was 
detected by measuring the absorbance at 280 rn (flow cell is 2 mm) . 
FIG. 13. SDS-PAGE analysis of whey fractions from the hydroxylapatite column. 
Transgenic and non-transgenic rabbit whey were loaded on the Macro-Prep ceramic 
hydroxylapatite type) column as described in FIG. 12. 

Flow through and eluate fractions were obtained, which were analyzed on 
SDS-PAGE (for details of the gels see FIG. 8) . A. silver stained SDS PAGE of 
transgenic whey run on hydroxylapatite; B. silver stained SDS PAGE of 
non-transgenic whey. Up to 6 g protein was loaded. 

DESCRIPTION OF FIGURES: 
FIGS. 14 to 19 are chromatograms of hydroxylapatite chromatography separations 
of transgenic whey samples in which the samples were loaded on to the column at 
sodium phosphate buffer (NaPi) concentrations of 5,10, 20,30,40 or 50 mM 
respectively. The pH of the buffer was 7.0. The chromatograms show the gradient 
of sodium phosphate eluting buffer to 400 mM, the AZSO and the pH of the eluate 
and the fractions collected. 

FIGS. 20 to 23 are chromatograms of hydroxylapatite chromatography separations 
as in FIGS. 14 to 19 above except that the pH of the sample was varied whilst 
the NaPi buffer concentration was retained at 5 mM. The pH of the samples 
fractionated were pH 6.0,7.0 and 7 . Srespectively . 

FIG. 24 is a chromatogram of an industrial (pilot) scale separation of 
transgenic milk whey on Q Sepharose FF. 

FIG. 25 is a chromatogram of hydroxylapatite column chromatography of 0.1 M 
eluate from the Q Sepharose FF column. 

FIG. 26 is a silver stained SDS-PAGE gel of flow through fractions from a 
series of hydroxylapatite chromatography separations of 0.1 M eluates of Q 
Sepharose FF. ! 

AB The invention provides methods of purifying lysosomal proteins, 

pharmaceutical compositions for use in enzyme replacement therapy, and 
methods of treating Pompe's disease using purified 
human acid alpha glucosidase. 
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